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* Interplanetary laser ranging will advance fundamental physics and solar
system dynamics

* Precision ranging will enable

> Tests of gravity
% Explaining the apparent acceleration of the expansion of the universe
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» Possible existence of extra dimensions
% Reconciliation of quantum mechanics with gravity

» Determination of the Shapiro time delay due to solar gravity (from
measurement of the Earth-Mars distance near solar conjunction)
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> Test of the equivalence principle in the Earth-Mar-Sun-Jupiter system
* Improve understanding of dynamics of solar system, its history and future
evolution
» Improved knowledge of planetary orbits and locations (currently ~100 m)
» Improved understanding of rotation of planets and influence of oceans,
atmospheres, etc

» Gravity field of Sun, particularly degree 2-terms (flattening and equatorial
shape)
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Earth « APOLLO (Apache Point Observatory Lunar Laser-ranging Operation)

* MLRS (McDonald Laser Ranging Station)

* Ordinary passive ranging (~1/R%) to corner cubes of the moon is realistically
about the maximum distance for laser ranging with millimeter accuracy

* Active laser ranging with two terminals can extend ranging (~1/R?) beyond
the moon to planets
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* To overcome space clock limitation,
 Avoid use of space clock

« Use local references
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» Range estimated from 4 time tags on two terminals:
R=[ty(})-to(i)+t,(1)-t,()]c/2

» ¢ — speed of light. Correction on clock difference on two time tag devices
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4D = 40) (i1 — ty(i)




APPROACH - SYNCHRONIZATION Jet Propulsion Laboratory

California Institute of Technology

» Synchronize without using space clock or common clock/trigger
* Launch two different coded sequences of pulses from the two lasers

» Send the time tags from one terminal to the other using optical or RF
communication

« Compare the coded sequence received locally with that from the
remote terminal to identify the origin of each detection event (Earth
terminal or Mars terminal)

* Range is estimated from R=[t;(j)-t,(i)+t,(i)-t,(j)lc/2
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(a) Measured range vs. the actual change in

range from translation of the terminals.
The experimental results are indicated
by the filled circles in red. The black
curve 1s a line with a unit slope and an
offset chosen to minimize deviation
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- Demonstrated the real-time active laser ranging using a method
applicable to interplanetary distances

» Sub-millimeter ranging accuracy has been achieved with the
systems built from off-the-shelf commercial components,
demonstrating the robustness of the scheme

* The experimental results indicate that active laser ranging can be
implemented for interplanetary distances to meet the goal of Tmm
ranging accuracy, including the effects of the Earth’ s atmosphere

» Paves the way for advances in the study of fundamental physics
and solar system dynamics




